Temperatures were measured with the spectro-radiometric analysis of thermal radiation spectra in the spectral range 450-850 nm. Temperatures were measured at the centre of the hot spot, at the very same location where X-ray diffraction were collected. With emissivity assumed to be independent of wavelength in the Planck radiation function, temperature uncertainties are of the order of ± 150 K (S4).
Hot spots developed on the sample (and transformed areas) are of the order of 20 µm in diameter. X-ray diffraction pattern were taken at the centre of the hot spot, with a beam focused down with KB mirrors to 1.7x2.3 µm FWHM at 33.3 keV, so as to minimize the influence of lateral temperature gradients in X-ray diffraction patterns. Fig. S1 shows the cross-section of a sample transformed at 61 GPa, heated above solidus conditions at temperatures of the order of 4000 K. Corresponding X-ray diffraction patterns indicate that ferropericlase and Ca-perovskite are the first phases to melt at these conditions (Fig. 1) . This is consistent with the SEM observations made on the recovered sample ( Fig. S1 and Fig. 2) . One can observe a rim of ferropericlase large grains surrounding a centre made by Mg-perovskite and quenched melt pockets with the same ferropericlase composition. This rim and quenched melt pockets are connected by veins, along which small Ca-perovskite grains can be found. These features are interpreted as quenched ferropericlase-rich liquids, pushed outside the hottest region by thermal pressure, that further quench at contact with the cold untransformed material. Temperature gradients are thus extremely strong across a very thin boundary layer between partially molten sample and the cold surrounding glassy material, which acts as chemical and thermal insulation. It is indeed known that glasses have a much lower thermal conductivity than crystals. For SiO 2 -rich glasses, the difference can reach two orders of magnitude (e.g. S5) and SiO 2 glass has already been used as insulating material in high-pressure experiments (S6). In our experiment, axial temperature gradients cannot be avoided but are minimized within the heated area. Fig. S1 shows for instance that more than 90 % of the sample can be maintained above the solidus temperature (around 3200 K) at 61 GPa. This glassy insulating layer has a thickness of the order of 500 nm on both sides of the sample, and contributes modestly to the X-ray diffraction pattern.
To avoid a significant subsolidus migration of iron toward lower temperature regions carefully quantified in a recent study (S7) , experiments were carried out with a relatively fast heating rate, so as to reach partial melting of the peridotitic sample with a composition as close as possible to the nominal one. The limiting parameter was the time required for X-ray diffraction collection, which was between 15 and 30 s per image at the highest temperatures. Typical heating cycles lasted about 10-15 minutes for one location on sample.
Melting criteria
As shown in the main body of the article, we use X-ray diffraction and the observation of a diffuse X-ray scattering by the liquid as an unambiguous melting criterion (Fig. 1) . However, other features preceding or accompanying partial melting are used in our study as well. The first observation is a re-crystallization process taking place at the onset of melting. Since this recrystallization affects specific phases, this process can be used to identify the melting sequence. This is illustrated in Fig. S2 , where CaSiO 3 perovskite is shown to re-crystallize at 105 GPa and 3875 K (shown by dark single spots observed in the diffraction images) before vanishing at 3925 K after complete melting.
Another criterion is the sharp discontinuity observed in the relationship between laser power and measured temperature, due to very distinct absorption properties between melt and crystals, previously used to detect melting (see S4 for example). TEM petrological observations made on recovered samples also show unambiguous textures consistent with melting sequences. Liquidus temperatures can only be estimated from the series of X-ray diffraction since there always remain weak diffraction peaks from surrounding un-melted region even at the liquidus temperature.
Post-run sample preparation
Thin sections were prepared with a focused Ga ion beam (FIB) operating at 30 kV and currents from 20 nA to 20 pA for final surfacing. The cut is made perpendicularly to the sample surface (white area at the top of Fig. S1 and Fig. 2 ) across the laser-heated area and along the heating laser optical path (i.e. the axial temperature gradient). The FIB preparation allows us to carefully select the region of interest in the recovered samples. As shown in Fig. S3 , scanning electron images produced in the dual beam FIB system used in this study permit to identify in the sample the region of interest transformed at high-pressure and high-temperature. The surface of the recovered sample, contained in the rhenium gasket, shows a distinct circular area about 15 µm in diameter, which can be attributed to the heated area (Fig. S3a) . Before cutting, a platinum strip is deposited to protect the top of the thin slice against beam damage during FIB operation ( Fig. S3b-d) . The cut is made along the infrared laser paths and the compression axis of the diamond-anvil cell. The slice is then removed in situ in the SEM chamber (Fig. S3e ) and welded to a copper TEM grid for further polishing and subsequent TEM observations (Fig. S3f) .
TEM observations made on a sample recovered from 36 GPa
Since Mg-perovskite is at mantle conditions the most abundant high-pressure phase for such a peridotitic composition, a large fraction of the sample should be affected by melting if the magnesium perovskite phase is the first phase to melt. The observations made at 36 GPa seem to indicate that Mg-perovskite melts early in the melting sequence: we first observe a very large temperature jump associated to melting at this pressure, as if a very large part of the sample would melt. The thin section prepared from recovered sample (Fig. S4 ) also shows a complete segregation of phases, with molten Mg-perovskite having recrystallized upon quenching in very large crystals with grain boundaries showing nice triple junctions at the centre of the hot spot. These Mg-perovskite crystals are surrounded by a continuous rim of tiny crystals of ferropericlase. This feature is thus very different from samples recovered from higher pressures (i.e. with perovskite at the liquidus), where ferropericlase liquids percolate within a perovskite matrix, made of crystals of the order of 100 nm in size.
Liquidus phase at CMB pressure and temperature conditions X-ray diffraction patterns show that Mg-perovskite is the last solid phase at liquidus temperatures above 61 GPa. Fig. S5 shows that Mg-perovskite is still the liquidus phase at pressures and temperatures of the core mantle boundary. In this experiment carried out at pressures corresponding to the CMB, the glassy sample loaded at an initial pressure of 132 GPa is first converted into a mixture dominated by the magnesium post-perovskite silicate structure before it transforms to Mg-perovskite at 3500 K and 138 GPa, which in turn is fully melted at temperatures exceeding 5300 K, interpreted as the liquidus temperature of the system at this pressure.
Chemical analysis of recovered sample and quenched liquids
Analytical transmission electronic microscopy observations of recovered sample (see Fig. 2 and Table S1) show that ferropericlase grains have Fe/Fe+Mg ratios ranging from 0.06 to 0.12, and almost 0.20 in regions where iron metal has precipitated (the analysis made in these zones probably overestimate iron concentration because of the presence of iron particles and are not given in Table S1 ). The magnesium silicate perovskite matrix has a very homogeneous composition with Fe/Fe+Mg ratios of the order of 0.02-0.03. Such a composition is significantly depleted in iron compared to the iron content of Mg-perovskite synthesized through solid-state reactions at 92 GPa from a gel with KLB-1 peridotitic composition (e.g. S9). Diffraction patterns as a function of temperature (ambient temperature to 5300 K from bottom to top) of a sample initially compressed at 132 GPa. X-ray diffraction shows glassy untransformed material at room-temperature, which first crystallizes with increasing temperature in a mixture dominated by the magnesium silicate post-perovskite structure. Once temperature is raised above 3500 K at a pressure of 138 GPa, the post-perovskite phase is converted into the Pbnm orthorhombic magnesium silicate perovskite phase, which is the last phase to melt. The shaded area comprises pattern recorded between 3500 and 5300 K where the magnesium silicate perovskite is the main phase in the assemblage. Since the experimental charge is submitted to an axial temperature gradient inherent to laser-heating, a few weak peaks corresponding to the postperovskite phase can be observed in the Mg-perovskite domain up to melting conditions. Alternatively, this could also correspond to pressure and temperature conditions where Mgperovskite and post-perovskite phases could co-exist as recently proposed (S8) . Complete melting is estimated at 5300 K at 140 GPa.
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Table S1
Chemical compositions of Mg-perovskite and ferropericlase taken on different locations for the sample recovered at 61 GPa. Compositions determined semi-quantitatively by ATEM measurements (Fig. 2 and Fig. S1 ) are given in atom %. Numbers in parentheses are one standard deviation.
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